Introduction
Since the mid-ninetheenth century Karkonosze Mountains present a very interesting object of scientific research. According to lichens the first data from this mountain range come from papers by German (Flotow 1849 (Flotow , 1850 Körber 1855 Körber , 1865 Stein 1879 Stein , 1889 Eitner 1896 Eitner , 1901 Eitner , 1911 and Czech (Kuták 1926 , Suza 1928 , 1929 scholars. During postwar years, when the Silesian part of Karkonosze Mts was joined to Poland, Polish lichenologists also joined to these studies (Tobolewski 1954; Fabiszewski 1978; Miądlikowska 1993; Kossowska 2002 Kossowska , 2003 Kossowska , 2008 Kossowska , 2009 Kossowska , 2010 Szczepańska and Szczepański 2006; Wawrecka and Kossowska 2006; Dimos-Zych and Czarnota 2007; Kossowska et al. 2007 ; Pietrzykowska and Kossowska 2010) . As the result of all these investigations, in the Polish part of mountain range 600 lichen taxa have been found till now (Kossowska 2006) . Despite many years of researches, lichen biota of Karkonosze Mountains is still only partially recognized.
Fallen trees with their roots are a steady and important component of forest communities. They affect not only the proper functioning of the forest ecosystems, but also help to create new niches, especially for spore organisms with small competitive abilities in relation to plants of dense undergrowth (Schaetzl et al. 1989a, b; Jonsson 1990; Jonsson and Esseen 1990; Schaetzl et al. 1990; Jonsson and Dynesius 1993; Holeksa 1998; Ulanova 2000; von Ohiemb et al. 2007; Pawlik 2009; Lõhmus et al. 2010) . Despite the presence of uprooted trees in forest ecosystems is common, the studies of those microhabitats and organisms inhabiting them were rarely undertaken in Poland, including Karkonosze Mountains (Faliński 1976 (Faliński , 1978 Masalska 1994; Cieśliński et al. 1995; Klama 1995 Klama , 2002 Żarnowiec 1995a,b; Faliński et al. 1996; Zubel 2008; Staniaszek-Kik 2008; Żarnowiec and Staniaszek-Kik 2008, 2009a,b) .
The aim of this study is to supplement the knowledge on lichens of Karkonosze Mountains. The study focuses on the lichen biota inhabiting tree fall disturbances (pit-moundroot plate complexes).
Methods
Field studies were conducted in [2003] [2004] [2005] [2006] in the Polish part of Karkonosze Mountains. Due to the high accumulation of uprooted trees the most of the study was focused in forest areas being a part of the Karkonosze National Park. The occurrence of lichens was analyzed on three types of objects: root plates, uprooting pits and uprooting mounds. This study does not include lichens occurring on logs of uprooted trees as they are an object of a separate study. For each of objects the occurrence of lichen species was recorded on various types of substrates: soil, humus, small fragments of wood, stones and roots. During the study the lichens were examined on 268 objects, i.e. 115 root plates, 80 uprooting pits and 73 uprooting mounds.
In the laboratory standard methods of morphological, anatomical and chemotaxonomical analyses were used. For taxa in which the secondary chemistry is important for species determination (e.g. Lepraria spp.) the analysis of chemical composition was studied by thin layer chromatography (TLC) (Orange et al. 2001) .
The threat categories are given after the "Red list of lichens in Poland" (Cieśliński et al. 2006) . Legally protected species are distinguished according to the Decree of the Polish Minister of Environment (Dz. U. Nr 168, poz. 1765), while lichenes nomenclature was adopted according to the study by Smith et al. (2009) , and for some taxa -by Diederich (2011) and Fałtynowicz (2003) .
The lichens are listed in alphabetical order. For each species the following data are given: frequency (according to the scale: 1-10 localities = rare species, 11-20 = frequent, and over 20 = common), number of records, detailed information about the type of inhabited substrate, and list of localities. 
Discussion
Thirty-eight lichen species were found on studied uprooted trees in the forests of the Karkonosze Mountains, which represent 6% of lichen biota of this area (Kossowska 2006 ). In the analyzed biota taxa which were classified as "rare" (1-10 localities) clearly predominated (55% of all recorded species). The group of "frequent" species (11-20 localities) included 34% of recorded taxa, while "common" species (over 20 localities) grouped only 10% of noted lichenes. The most frequently noted species were: Baeomyces rufus, Micarea botryoides, Placynthiella dasaea and Trapeliopsis gelatinosa.
Uprooted trees cause a lot of changes in the forest environment. One of the effects is the creation of distinctive land microsculpture in the form of uprooted pits and mounds and exposed root plate (Jonsson and Essen 1990; Scheatzl et al. 1990; Faliński et al. 1996; von Oheimb et al. 2007; Pawlik 2009 ). Each of these forms becomes a microhabitat characterized by specific conditions and is a potential place for the occurrence of lichens (Jonsson and Essen 1990; Faliński et al. 1996; Ulanova 2000; Lõhmus et al. 2010) . Root plates are elevated above the ground surface and vertical blocks of soil together with the roots of fallen trees (Gutowski et al. 2004; Pawlik 2009 ). The specificity of this microhabitat is the high availability of light, but also a huge overdrying (Masalska 1994; Faliński et al. 1996) . On root plates was recorded 91% of all lichen biota noted in the studied tree falls disturbances and the most often recorded species are: Baeomyces rufus, Cladonia digitata, Lecanora conizaeoides, Lepraria jackii, Micarea botryoides, Placynthiella dasaea and Trapeliopsis flexuosa. Comparing to other types of studied objects, on the root plates lichens characterized by slightly higher light requirements (photolichens), as well as species preferring wood or bark of trees as a substrate, may grow up. Such taxa colonize fragments of withered roots These characters can explain occurrence of Bacidina arnoldiana, Hypocenomyce scalaris, Hypogymnia physodes and Parmeliopsis ambigua in the studied area.
Uprooted pits (space arose in place where raised root plates have occurred) form a microhabitat with the very small access to light and with a periodic stagnant rainwater and snowmelt (Masalska 1994; Żarnowiec 1995; Faliński et al. 1996) . Therefore, it is the most suitable habitat for species that tolerate or even prefer a high moisture content (hygrolichens) and a little sunshine (skiolichens), e.g. Baeomyces rufus, Micarea peliocarpa, Trapelia glebulosa and Trapeliopsis gelatinosa. Ecological conditions in the uprooting pits are not conducive to the development of lichen biota. In this type of microhabitat the presence of lichens was found only in 30% of all surveyed objects and the its species list groups only 37% of all lichen biota noted in the studied pit-mound-root plate complexes. Lack of lichens is often caused by the accumulation of a thick layer of organic matter. Frequently noticed lichen in the area of uprooting pits is the Baeomyces rufus. Other species have been recorded only in single localities.
Uprooting mounds are formed of soil, sand and organic matter crumbling from the root plate (Scheatzl et al. 1989b; Pawlik 2009 ). They are less moist, but also have a lower reactivity than intact soil (Masalska 1994; Gutkowski et al. 2004) . The most frequently species in this microhabitat are: Baeomyces rufus, Micarea botryoides, Placynthiella dasaea, Trapeliopsis gelatinosa, Trapeliopsis pseudogranulosa and also epigeic Cladonia species. Sixty five percent of lichen species were found on the analyzed uprooted mounds on tree fall disturbances in the studied area.
Root plates, as well as pits and mounds, are characterized by large variation of substrates, and consists of pieces of rocks and stones, wood and bark, roots (exposed along with the crunching soil), but mainly bare ground. Within the tree fall disturbances the mineral soil is the dominant type of substrate, hence epigeic species, such as Cladonia ssp., Placynthiella uliginosa, Trapeliopsis granulosa and T. gelatinosa are the commonest in that type of microhabitat. An equally large proportion of lichens are associated with bark and wood. Typically epilitic taxa, e.g. Porpidia cinereoatra, P. crustulata, Trapelia coarctata or T. glebulosa, were the rarest among noted lichen species and occurred only in single positions. Generally they were associated with small fragments of rocky substrata.
Uprooted trees during their existence are still subjected to quite fast and substantial changes. The material forming the root plates spills slowly and is rinsed out by precipitation, while uprooting mound is simultaneously destroyed and formed. This gives rise to the endless movement of organic matter and fragments of rocks (Schaetzl et al. 1989b; Ulanova 2000) . Therefore pit-mound-root plate complexes create favorable conditions for the development of pioneering species, so called ephemerolichens. In terms of morphological forms the species with crustose (68%) and fruticose (21%) thalli predominate in the analyzed lichen biota. A large percentage of crustose species in studied biota can be explained by the fact that in this group many taxa show a high capacity for rapid colonization of newly formed substrates (Lipnicki 1998; Cieśliński 2003) .
Uprooting trees are important elements in forest communities. Unfortunately from the forest management point of view they are often undesirable in forests, and foresters always try to reduce the risk of their formation. As a result uprooting trees are quickly removed from forest areas. When their logs are cutted off the roots and taken away, very often the root plates return to their previous horizontal positions. Limiting the number of these specific microhabitats may consequently lead to the impoverishment of the local biodiversity of lichen biota.
Conclusions
1. Root plates with uprooting pits and mounds create conditions for the development of lichens of very different habitat requirements, and that is why their presence in the forest communities is important for preserving species diversity of this group of organisms. 2. Tree fall disturbances (pit-mound-root plate complexes) are important microhabitats for pioneer crustose lichens. 3. Within the tree fall disturbances the best conditions for the development of lichen biota are on the root plates and on uprooting mounds.
